An enzymatic profile of 20 strains of Pseuidomonas maltophilia was undertaken with conventional plate tests, API ZYM, and 4-methylumbelliferyl-conjugated substrates. All strains produced DNase, RNase, arbutinase, esterases and lipases, mucinase, acid and alkaline phosphatases, alkaline pyrophosphate diesterase, phosphoamidase, 3-glucosidase, leucine arylamidase, and acetatase and were hemolytic for horse, sheep, and rabbit blood. The majority of strains produced chitinase, hyaluronidase, albuminase, valine arylamidase, trypsin, cx-and 1-glucosidases, and N-acetyl-1-glucosaminidase. API ZYM and 4-methylumbelliferyl-conjugated substrate assays are rapid, simple, specific, and sensitive and may be useful as diagnostic aids in the identification of P. maltophilia and other pseudomonads.
Pseudomonas maltophilia is a saprophyte and opportunistic pathogen associated with a wide variety of nosocomial infections, usually in debilitated or immunosuppressed patients (8) . In clinical situations, it is the second most frequently encountered pseudomonad after P. aeruginosa and occurs mainly in postoperative and other wound infections (7) . Because of its antibiotic resistance and because many laboratories experience difficulty in identifying this species, P. maltophilia is becoming increasingly important to the clinical microbiologist.
In a search for potentially diagnostic biochemical activities of P. maltophilia, the present survey of extracellular enzymes was undertaken.
MATERIALS AND METHODS
Bacterial strains. Twenty strains of P. maltophilia from clinical and environmental sources, including the type strain NCTC 10257, were examined and identified by the methods of Gilardi (5) and O'Brien and Davis (15) . Strains were maintained on tryptic soy agar (TSA) (GIBCO Diagnostics, Madison, Wis.) and subcultured every month. Control positive and negative strains were used for all the enzyme tests and included Staphylococcus aureus UQM 556 (NCTC 6571), Escherichia coli UQM 70, P. aeruginosa UQM 495 (ATCC 10145), Clostridium perfringens UQM 57, and Streptococcus equi UQM 2541.
Inocula. Unless otherwise specified, all substrate plate tests were spot (10 ,ul) 5 ). All strains gave strongly positive reactions for acid and alkaline phosphatases, esterase-lipase, and phosphoamidase and negative reactions for cystine arylamidase and 3-glucuronidase ( Table 3 ). The reactions were consistent on repeated testing, with the exception of minor variations in the intensity of the color reaction. These variations never exceeded one grade in the reference color chart. Table 4 . DISCUSSION In most of the tests reported here, the P. maltophilia strains showed a good degree of uniformity in their enzymatic activities. DNase is a useful diagnostic feature of some pseudomonads, particularly P. maltophilia (5, 20) . RNase activity in P. maltophilia has been reported (21) (18) . b Method of Carter and Chengappa (3) . c Hemolytic activity on pig, rabbit, and human blood agars was recorded after 3 days and on sheep and cow blood agars after 4 days.
4-MUCS tests. The results of 4-MUCS tests are given in
d Enzyme activity restricted to the area under the spot growth. ' Tested on albumin-TSA agar. f Tested on albumin-mineral base agar (MBA).
VOL. 16, 1982 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from (14) found that only 68% of their strains hydrolyzed tributyrin. All of our P. maltophilia strains showed strong lipase, esteraselipase, and esterase activities in conventional tests and weak esterase and lipase activities and strong esterase-lipase activity by API ZYM. These anomalies may only be a reflection of the different assay methods employed.
Previous reports (20) and our results confirm that hemolytic activity in P. maltophilia is dependent on both duration of incubation and blood source and shows wide intrastrain variation. Hemolysis is nearly always associated with a greenish discoloration and a zone of diffuse lysis, which may be due to proteolysis and alkalinization, respectively (20 Table 2 ).
API ZYM and 4-MUCS assays are rapid, simple to perform, and relatively inexpensive and specific and thus may be useful as aids in the identification of P. maltophilia and other pseudomonads. The highly fluorescent nature of the 4-MUCS hydrolysis product makes the assay very sensitive. This made differentiation between weakly positive and positive reactions very difficult. In fact, evaluation of enzyme reactivities with both systems is arbitary and subjective, and standardization is needed. There was excellent correlation between results for acid and alkaline phosphatases with both assay systems. P-Galactosidase (o-nitrophenyl-3-Dgalactopyranoside test) is a key diagnostic feature of P. maltophilia (5, 20) . Only 30% of the strains we tested were weakly positive by API ZYM. This may be a reflection of the different natures of the substrates. Our results and previ- zymes, e.g., P-xylosidase and N-acetyl-P-D-galactosaminidase, showed strain variation and were active only over a restricted pH range, making the choice of diluent and pH very important in 4-MUCS assays. Enzymes such as hyaluronidase, chondroitinase, elastase, collagenase, and phosphatases have been proposed as potential virulence factors in P. aeruginosa and other bacteria (4, 10) . They may also prove to be useful diagnostic features. Some of the tests reported here, e.g., mucinase, albuminase, and keratinase, have not previously been applied to Pseudomonas spp.
